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1. IBlTRODUCTION 

This r e p o r t  g ives  the r e s u l t s  of experimental  i n v e s t i g a t i o n s  con- 

ducted during a three  week extension of Contract  NAS 7 - 7 .  The o b j e c t  

of these i n v e s t i g a t i o n s  was t o  o b t a i n  a d d i t i o n a l  d a t a  on the  charac- 

t e r i s t i c s  of t h e  regenera t ive  hydrogen-oxygen f u e l  c e l l  developed under 

t h a t  con t r ac t .  

A d e t a i l e d  d e s c r i p t i o n  of the c e l l  w a s  given i n  the  f i n a l  r e p o r t .  

For the sake o f  t h i s  addendum repor t  a b r i e f  d e s c r i p t i o n  is given below: 

Hydrogen e l e c t r o d e  - - - p l a t i n i z e d  porour n i c k e l  

Oxygen e l e c t r o d e  - - -  - p l a t i n i z e d  porous n i c k e l  

E l e c t r o l y t e  - - - -  - 35 percent  KOH s o l u t i o n  impregnated 

i n  asbes tos  bed 

Cel l  body - - s t a i n l e s s  s t ee l  - - - 
Gas seals - - - - - rubber "0" r i n g s  

Gas chambers - - - -  - minia ture  s t e e l  cy l inde r s  

The e l ec+rndes  ar,d e l e c t r o l y t e  of the m u l t i c e l l  u n i t  were the same 

a g  f o r  the s i n g l e  c e l l  u n i t .  The c e l l  spacers  cons is ted  of l u c i t e  and 

contained manifolds f o r  conducting the  gases  from the cy l inde r s  t o  the  

ihd iv idua l  c e l l s  and were coated wi th  a layer  of n i c k e l  t o  connect the 

c e l l s  i n  series.  
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2. ENVIRONMENTAL TESTS 
A series of environmental  t e s t s  was conducted on a s i n g l e  c e l l  a t  

the Je t  Propuls ion Laboratory,  Pasadena, C a l i f o r n i a .  The tes t s ,  in -  

c luding  a c c e l e r a t i o n ,  v i b r a t i o n ,  and shock, were those employed i n  the  

Type Approval Tests f o r  the  Mariner Spacecraf t .  

c e l l  performance during tes t  are given i n  the following subsec t ions .  

The test condi t ions  and 

2 . 1  S t a t i c  Acce lera t ion  

The c e l l  was operated continuously on both charge and discharge 

f o r  t h ree  d i f f e r e n t  types of s t a t i c  acce le ra t ion .  The charge and d i s -  

charge cur ren t  f o r  these  and a l l  o ther  environmental  tests repor ted  below 

were r e spec t ive ly  1.0 amp and 0.1 amp. 

gas pressures  were near 50 psig.  

The temperature was 70°F and the 

2.1.1 Test ConditionQ 
The s t a t i c  acce le ra t ion  tes t  condi t ions  were a s  follows: 

1. 14 g f o r  5 minutes along the  t h r u s t  axis i n  a 

forward d i r e c t  ion.  

2 .  4 g f o r  5 minutes along the  t h r u s t  a x i s  i n  a 

r eve r se  d i r e c t  ion  e 

3.  6 g f o r  5 minutes along the or thogonal  a x i s  t o  

"I" and "2" above. 

2.1.2 Tes t  Resul t s  

The c e l l  vol tages  during these  tests are given as follows. 

The r e s u l t s  i n d i c a t e  t h a t  the types  of s t a t i c  a c c e l e r a t i o n  have very l i t t l e  

i f  any e f f e c t  on t h e  electrochemical  behavior of t h i s  c e l l .  
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- Tes t Process 
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2.2 Vibra t ion  

The c e l l  was then subjected t o  two d i f f e r e n t  types of v i b r a t i o n .  

The tes t  condi t ions  and tes t  r e s u l t s  are given below. 

2.2.1 T e s t  Conditions 

A low and a high frequency tes t  were employed f o r  

t hese  t e s t s .  

Low Frequency 

The low frequency w a s  a s i n u s o i d a l  v i b r a t i o n  a t  f r e -  

quencies between 1 and 40 cps f o r  24 minutes i n  each of two or thogonal  

d i r e c t i o n s .  The displacement was + - 3 inches from 1 t o  3 g ,  peak, from 

3 to,/40 cps.  

High Frequency 

The h igh  frequency test cons is ted  of a programmed 80- 

quence of band l imi ted  whi te  gaussian no i se  and combined no i se  and s inus -  

o i d a l  v i b r a t i o n  i n  each of two or thogonal  d i r e c t i o n a .  The test l a s t e d  

9 minutes i n  each d i r e c t i o n .  The frequency range was from 15 t o  1500 cps.  
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2.2.2 T e s t  Resul t s  

The ce l l  performance dur ing  the  low frequency test i s  

as follows: 

Po$ i t ion  Process 
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The ce 11 performance during the high frequency tes t  

is a s  follows: 

P o s i t  ion  Procdss 
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II 
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The s l i g h t  increase i n  charge vol tage  w i t h  ti- cannot 

be a t t r i b u t e d  t o  the v i b r a t i o n ,  as t h i s  rise a l s o  occurs  without  v ib ra -  

t i o n .  

of v i b r a t i o n  on electrochemical  behavior of the  c e l l .  

The r e s u l t s  i n d i c a t e  ve ry  l i t t l e  i f  any e f f e c t  of the  above types 

2.3 Shock 

Following the  v ib ra t ion  t e s t ,  the  c e l l  was subjec ted  t o  a shock 

t e s t .  The t es t  condi t ions  and tes t  r e su l t s  a r e  given below. 
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2.3.1 Test  Conditions 

The shock t e s t  cons is ted  of two (200 g) 0.5 t o  1.5 

mill isecond terminal  peak sawtooth shocks in each of two orthogonal  

d ir ec t ions. 

2.3.2 Test Results 
The c e l l  performance during the  shock tests is given 

b t l a W :  
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No e f f e c t  was observable on an osc i l loscope  a l s o  

employed f o r  this t e s t .  The r e s u l t s  i n d i c a t e  no e f f e c t  of t he  above 

type of shock on the electrochemical  behavior of the c e l l .  
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3 .  CYCLING 

Automatic cyc l ing  was cmtinued on the c e l l  which has been i n  oper- 

a t ion  s ince  November 1961. The c e l l  has completed over 1500 shallow 

cyc le s  of 65 minutes charge and 35 minutes discharge a t  room temperature. 
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4. CELL REVEBSAL STUDIES 
The phenomena of ce l l  r eve r sa l  was found on several occ8crtons 

dur ing  d ischarge  of t he  m u l t i c e l l  u n i t .  

one of t he  n ine  cel ls  w a s  found t o  drop suddenly t o  zero and then be- 

come negat ive  (0.2 t o  0.8 v o l t s ) .  

A t  these  times the  vol tage  of 

This phenomena was explained on the b a s i s  of a f a u l t y  c e l l  which 

cannot maintain a vol tage  as high as the  o t h e r s  and is  subsequent ly  

given a negat ive  charge by them'. 

a c e l l  becoming f a u l t y  and revers ing  whi le  on d i scha rge ,  a series of 

expe t ' hen t s  w a s  c a r r i e d  out  as descr ibed below. 

I n  order  t o  e s t a b l i s h  the  causes  f o r  

t+ 

4.1 Elec t rode  A c t i v i t y  

The u n i t  was assembled wi th  s i x  c e l l s ,  f i v e  of which con- 

ta ined  i d e n t i c a l  e l ec t rodes  prepared i n  t h e  usua l  manner w i t h  40 mg 

platinum black  p e r  square inch. The e l ec t rodes  of the  s i x t h  c e l l ,  

however, were unpla t in ized  (untreated porous n i c k e l ) .  

On discharge of t he  u n i t  the  vol tages  of t he  f i v e  i d e n t i c a l  

c e l l s  were a l l  p o s i t i v e  and near ly  equal ,  while the vol tage  of t he  

s i x t h  c e l l  w a s  nega t ive .  

This t e s t  ind ica t e s  t h a t  one of the causes  f o r  r e v e r s a l  is an 

i n a c t i v e  set  of e l ec t rodes .  Spec ia l  ca re  should,  t he re fo re ,  be taken 

t o  in su re  t h a t  the  a c t i v i t y  of a l l  sets of e l ec t rodes  i s  the  same before  

they  a r e  i n s e r t e d  i n  a u n i t .  The a c t i v i t y  t e s t  would c o n s i s t  of measure- 

ment of the  V i 1  c h a r a c t e r i s t i c s  of t he  c e l l  wi th  the  given e l e c t r o d e s .  

4.2 Gae S ta rva t ion  

S ix  cells  were again employed i n  a similar test. In  t h i s  case 

the  e l e c t r o d e s  of a l l  rlx cells were i d e n t i c a l ;  however, the gas  i n l e t  

manifolds of one c e l l  were p a r t i a l l y  r c r t r i c t e d  by the a p p l i c a t i o n  of  a 

cement. A s  be fo re ,  on discharge the vol tages  of the  f i v e  i d e n t i c a l  c e l l s  

were a l l  p o s i t i v e  while t h e  vol tage of the  s i x t h  c e l l  wi th  r e s t r i c t e d  

gas manifolds was negat ive .  
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This tes t  ind ica t e s  that  another  cause f o r  c e l l  r e v e r s a l  is 

an inadequate gas  supply t o  the e l ec t rodes .  

f o r e ,  be taken t o  in su re  t h a t  the gas  i n l e t  manifolds are u n r e s t r i c t e d  

before  assembling the  ce l l  and do n o t  become r e s t r i c t e d  during ope ra t ion .  

Spec ia l  ca re  should,  there- 

4.3 Elec t rode  Contacts 

A t h i r d  and f i n a l  experiment cons is ted  of assembling the  s i x  

c e l l s ,  a l l  of which were iden t i ca l  except  f o r  the  f a c t  t h a t  one contained 

a h igh  r e s i s t a n c e  contac t  between the  e l ec t rode8  and t h e  n i c k e l  p l a t i n g  

on a c e l l  spacer .  

l a rge  po r t ion  of the p l a t i n g  from t h e  area of t h e  spacer  behind t h e  

e l ec t rodes .  Again during discharge the  vol tage  of the ce l l  w i th  h igh  

con tac t  r e s i s t a n c e  was negat ive whi le  the  vol tages  of t h e  o the r s  were 

p o s i t i v e .  

The h igh  r e s i s t a n c e  w a s  introduced by s t r i p p i n g  a 

This experiment i nd ica t e s  t h a t  another  cause f o r  c e l l  r e v e r s a l  

i s  a high r e s i s t a n c e  contac t  between the  e l ec t rodes  and the  i n t e r c e l l  

connectors.  S p e c i a l  care should, t h e r e f o r e ,  be taken i n  the  p repa ra t ion  

of t he  spacers t o  in su re  t h a t  t h e  r e s i s t a n c e s  of t h e i r  n i c k e l  p l a t i n g s  

a r e  i d e n t i c a l  and low. 
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